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Among the many modifications of the Wassermann reaction, that of 
Noguchi, 1 introduced a  number of years ago, in which use is made of 
the  acetone-insoluble  lipoids  extracted  from  certain  tissues and  the 
anti-human  hemolytic system, is  doubtless the  most  promising from 
a  theoretical standpoint.  In practice we had  found it a  troublesome 
system to apply particularly because the collection of the human cells 
for the immunization of rabbits and carrying out the tests is laborious 
and  time-consuming,  and  also  because  the  production  of  the  anti- 
human amboceptor in the rabbit is less satisfactory than that  of anti- 
sheep amboceptor.  We had come to the conclusion that if a  certain 
allowance  was  made  for  reactive  anti-sheep  amboceptor,  as  can  be 
done by an intermediate  incubation period of 15 to 20 minutes after 
adding the sheep cells, but before adding the anti-sheep amboceptor, 
the results did not differ materially from the human hemolytic system. 
For a  long time we used the Noguchi antigen with satisfaction. 
McIntosh  and  Fildes  2 presented  an  application  of  a  principle  in- 
troduced by Sachs  (the addition of cholesterol to alcoholic tissue ex- 
tracts),  and  Richardson  ~ compared  the  reactions  with  this  "choles- 
1  Noguchi, H., Serum diagnosis of syphilis, Philadelphia,  1910. 
McIntosh,  J., and  Fildes, P., An investigation of the value of certain  anti- 
gens for use in  the Wassermann reaction, in particular  of Sach's new antigen, 
Z.  Chemotherap., Orig., 1912-13, i,  79. 
3 Unpublished observations at the Pennsylvap~a Hospital. 
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terolized  antigen"  with  those  obtained  with  the  Noguchi  antigen 
with  the  anti-sheep  hemolytic  system.  He  studied  about  2,000 
reactions,  and,  like other investigators,  found that  the  cholesterol- 
ized antigen gave the higher percentage of positive reactions, but that 
in most cases this was justified by the facts.  Eight cases were found 
in  which there was no evidence of syphilis other than  the positive 
reaction, but there was no evidence to the contrary and it was con- 
sidered that the result was on the whole satisfactory.  This antigen 
is  the  easiest  to  obtain  in  quantity  and  is  of  relatively  constant 
quality as compared with others.  It was therefore adopted and has 
been used continuously for a  number of years in these laboratories. 
More recently the carrying out of the reactions has passed into other 
hands, and we have had some reason to question the accuracy of the 
opinion previously held as to the safety of the cholesterolized antigen 
from the diagnostic point of view. 
In  the meantime,, opinion elsewhere seems to  be divided.  Some 
competent observers have found the cholesterolized preparation sat- 
isfactory.  In the hands of others it seems to be too sensitive; that is, 
it gives rise to false positives. 
Recently Noguchi  4,5 has proposed the use of the native human com- 
plement in the reaction with his acetone-insoluble lipoids as antigen. 
He  states  that  with  the  quantities  he  specifies satisfactory results 
can be obtained, fully comparable with those derived from the use of 
his  older  system.  This  system  makes  unnecessary the  continued 
collection of guinea pig serum, and this may be expected to compen- 
sate for the trouble in regard to human red cells.  It is,  of course, 
of importance at times to be able to carry out the method when guinea 
pig serum may not be available. 
We have attempted, therefore, to review the question of the Was- 
sermann  reaction  as  practically  applied  with  the purposes  of  (1) 
reconsidering the  suitability  of  the  cholesterolized antigen, and (2) 
examining the merits of the newer Noguchi system. 
4 Noguchi, H., A method of facilitating the serum diagnosis of syphilis under 
war conditions, J. Am. Med. Assn., 1918, lxx, 1157. 
Noguchi, H., A homohemolytic system for the serum diagnosis of syphilis, 
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P,.ESULTS. 
It has  been assumed on the basis of the author's  report  that  the 
two systems of Noguchi would have equal value and that comparison 
of  one  of  them  with  the  results  by cholesterolized  antigen  should 
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TExT-FIG. 1.  The figures in the chart indicate the number of sera giving devia- 
tions as indicated with both the cholesterolized antigen and according to Noguchi's 
homohemolytic system.  The total comprises 387 different sera. 
establish the  place  of the latter.  We have therefore done our reac- 
tions  comparing  the  newer Noguchi  system with  the system which 
makes  use  of  cholesterolized  antigen  and  the  anti-sheep  hemolytic 
reagents.  The  general  results are displayed in Text-fig.  1. 354  WASSERMANN  I~EACTION 
It is apparent that in a large majority of the cases the two methods 
of work have an equal value  (central diagonal space)  or one essen- 
tially  equal  (adjacent  diagonal  spaces).  It  is  also  clear  that  the 
numbers toward the lower left corner (cholesterol reaction positive, 
Noguchi  reaction  negative)  considerably  outnumber  those  toward 
the  upper  right  (cholesterol  reaction  negative,  Noguchi  reaction 
positive).  In other words, the cholesterolized antigen is considerably 
more reactive. 
Which method develops the facts most nearly in accord with the 
truth as to the existence of syphilis in the particular cases?  Of the 
ten cases in which the Noguchi system gave a positive and the other 
a  negative  or weak reaction,  eight were unquestionably  syphilitic. 
One of the others was possibly syphilitic.  In the tenth case, that of 
an apparently healthy young man with a fractured jaw, no decisive 
evidence could be obtained.  In all these cases except one, who was 
an undoubted syphilitic, doubling the amount, of serum used (making 
0.2  cc.) in the reaction with the cholesterolized antigen perceptibly 
increased the intensity  and  in  most instances  rendered it  entirely 
positive. 
Material. 
Before taking up the question of whether a positive reaction with 
the cholesterolized antigen means syphilis, even though the Noguchi 
reaction be weak or absent, it is perhaps best to consider the material 
which we have had for study.  The majority of our reactions were 
carried out on known cases of.syphilis, who were under treatment. 
In most  of these the evidence of disease was  clear apart from  the 
Wassermann reaction.  Most of the cases which showed a  positive 
cholesterol and negative Noguchi reaction come in  this  group.  As 
controls we examined the blood of twenty-nine persons in good health 
who were sufficiently known to us to make it appear improbable that 
they were suffering from syphilis.  One of these gave  +  +  +  reac- 
tion  with  cholesterolized antigen and  on  the same occasion gave a 
+  +  Noguchi reaction.  On another occasion the same person gave 
a  ++  cholesterol  and  a  negative  Noguchi.  Two  others  in  the 
group  gave  a  ++  cholesterol  reaction  and  a  negative  Noguchi. 
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pital  was  examined  without  selection.  Whether  by chance  or  not 
these results, which will be considered in detail later, do not bear on 
the  present  point  as  the  two reactions  were practically  alike  in  all 
instances. 
Of the cases in which the cholesterol reaction was positive (+ +  +  + 
or  +++),  the  Noguchi  reaction  being  at  the  same  time  weak  or 
negative,  five could not be satisfactorily determined  although  there 
is no reason to believe that  the reaction is in error.  The remainder 
were definitely syphilitic and there is every reason to believe that the 
reaction  with  cholesterolized  antigen  is  a  better expression  of their 
condition than that done by the Noguchi method. 
There are twer~ty-one reactions showing a  +  +  cholesterol with a 
negative Noguchi reaction.  In this  series these reactions are for the 
most  part the evidence of a  fading out of the  activity of  the  serum 
in the course of specific treatment.  In view of the three reactions of 
similar intensity among twenty-nine probably normal individuals such 
degrees of activity  cannot,  of course, be held  to be of any decisive 
value  from  a  diagnostic  view-point.  Whether  the  six  instances  in 
which  the  Noguchi  reaction  was  ++  and  the  cholesterol  reaction 
negative are similarly lacking in diagnostic significance may be open 
to question, but we are inclined to the belief that they are, except, as 
may  sometimes  happen,  when  doubling  the  amount  of  test  serum 
leads to a  stronger  reaction with  cholesterol. 
"Interpretation of Results. 
In  view of  the  results  in  the  unselected  series  of patients  in  the 
hospital, it appears to be useless to discuss the question of just which 
intensity of reaction, with either antigen or both, justified a diagnosis 
of  syphilis.  Among  these  109  persons  there  were  several  cases  in 
whom  the  diagnosis  of syphilis vcas presumptive  on  other  grounds. 
These  gave clear-cut reactions with both systems.  There  were two 
patients who gave +  +  +  +  Noguchi reactions with weak cholesterol 
reactions.  The status of these cases remains in doubt.  In addition, 
the cases shown in Table I  gave more or less reaction. 
These  cases comprise about half  the  febrile cases in  the  hospital 
at  the  time.  The  others ,  rheumatic  fever,  endocarditis,  and  lobar 
pneumonia,  as  well  as  about  50 cases  in  the  surgical  wards,  gave 356  WASSERMANN  REACTION 
negative  reactions.  It  is  evident,  therefore,  that  the  Wassermann 
reaction must  be used with  some  caution  and  that  it  must  always 
be  valued  in  conjunction  with  a  presumptive  diagnosis  based  on 
other  grounds.  With  these  facts  in  mind  it  may  be  fairly  stated 
that from the point of view of establishing a  diagnosis the two forms 
of reaction  have  approximately  equal  value.  The  cholesterol reac- 
tion  is  somewhat more  sensitive  and  the .weaker  grades  are  to  be 
viewed with a  little less confidence perhaps  than  similar weak reac- 
tions  with  the  Nognchi  system.  Whenever  possible  there  would 
TABLE  I. 
Case No. 
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Typhoid  fever .................................... 
cc  ~ 
Heat  stroke ...................................... 
Typhoid  fever .................................... 
Cholesterol 
reaction. 
%, 
++++ 
+ 
++++ 
....................................  ++++ 
Heat  stroke ...................................... 
Typhoid  fever .................................... 
Heat  stroke ...................................... 
Lobar pneumonia ................................. 
Gastroenteritis ................................... 
Asthma .......................................... 
Tuberculosis;  peritonitis ........................... 
Acute enteritis ................................... 
++++ 
+ 
+ 
+++ 
0 
0 
++ 
0 
Noguchi 
reaction, 
++++ 
0 
+++ 
0 
++ 
++ 
++++ 
0 
0 
+ 
++ 
++ 
0 
++ 
appear  to be a  real  advantage  in  viewing  the two systems side by 
side, holding for particularly careful scrutiny cases in which the results 
do not check. 
Fully as important as its application to diagnosis is  the use of the 
Wassermann  reaction  as  a  control  for  treatment.  Here any differ- 
ence that may exist in sensitivity is in favor of the continued use of 
the  cholesterolized  antigen.  It  may  also  be  profitable  to  use  the 
two systems side by side.  One purpose of this would again  be  that 
of having a precautionary check.  There is imperfect evidence in our 
hands,  however, that under treatment  the two systems may vary in 
some  degree  independently  of  one  another,  and  it  is  possible  that 
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Up to this point we have spoken of these two types of reaction as 
though the results with either were always unmistakable and arrived 
at  without  difficulty.  This  is  by  no  means  the  case.  Exception 
has  frequently  been  taken  to  the use of cholesterolized  antigen  be- 
cause of irregularities  which  develop with  successive reactions  with 
the  same samples of serum.  In  order  to make  the  reaction  safe it 
seems to us necessary to use a  slight excess over the amount of com- 
plement  usually  advised  for  Wassermann  work.  Our  custom  is 
to  use  2½  units  of  both  complement  and  amboceptor.  The  final 
antigen  dilution  should  be  used  within  a  few  minutes  after  it  is 
made and  should be made in accordance with  Mclntosh  and  Fildes' 
directions;  that is,  the mixture  with  salt solution should  be rapidly 
accomplished.  We put  the  salt  solution (24  cc.) in  an  Erlenmeyer 
flask  of  50  cc.  capacity,  float  the  alcoholic  solution  very  carefully 
on the surface, and then mix the two with one quick vigorous shake. 
The  titration  of reagents is carried out completely each time on the 
basis of { hour incubation in the water bath and the incubation after 
the addition of the hemolytic system is likewise ½ hour. 
Neither is the Noguchi.system in its present form free from diffi- 
culty.  It should be noted that in the two publications on the sub- 
ject Noguchi has recommended the use of two different quantities of 
human  serum.  He  first  suggested  0.1  cc.  as  the  proper  quantity, 
later  changing  this  to  0.2  cc.  in  his  final  paper.  Neither  recom- 
mendation  appears  to  us  to  be  adequate.  As  a  matter  of  actual 
observation there are  great  differences in  the  susceptibility of vari- 
ous samples of human red corpuscles to hemolysis by human comple- 
ment  and  rabbit  anti-human  amboceptor.  These  differences  are 
quantitatively such that a  given serum may present insufficient com- 
plement for the reaction  or may have more than  four units.  From 
70 consecutive tests we found that with susceptible corpuscles every 
fresh human  serum has complement sufficient for the  test.  Certain 
sera  with  th~se  corpuscles  may  contain  as  much  as  eight  units  of 
complement.  With  resistant  corpuscles  no  serum  may  have  more 
than  two units and  one in  ten may show no complement whatever. 
An  intermediate  condition  is  more  common  and  was evidently en- 
countered by Noguchi.  If exact work is to be done account must be 
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We have found it best to conduct each test with three quantities 
of serum, 0.2, 0.1, and 0.05  cc., each quantity having its antigen and 
control tubes.  The result is then scarcely ever in doubt.  It would 
doubtless be still better to standardize the reaction to a  certain ex- 
tent by selecting a  single 'suitable person, preferably one with sus- 
ceptible corpuscles, as a source of the red cells?  If this were done it 
would probably be  safe  to  rely on  two  of  the  above  quantities  of 
serum, either the greater or the lesser pair as the susceptibility of the 
cells indicated. 
Another  objection to  the  system which  at  first  sight seems  im- 
portant is negligible in practice.  It is obviously impossible to con- 
trol  the anticomplementary value of the antigen for each  separate 
complement where the complement is furnished by the test serum. 
The antigen which we have been  using has had an  apparent  anti- 
complementary value of about +  +  on the unit value of complement 
and  this  can  be  allowed  throughout the  tests  whenever  deviation 
occurs.  For each lot of antigen this would necessarily be determined 
by comparative observation on a number of negative sera.  Noguchi 
speaks  of  his  antigen's  being  entirely  without anticomplementary 
value in  the quantity recommended.  In  this particular our appli- 
cation of the method can doubtless be somewhat improved upon. 
SUMMARY. 
The  Wassermann  reaction  carried  out  according  to  the  method 
of  Mclntosh  and  Fildes,  with  cholesterolized  antigen  and  with 
certain allowances for the presence of native anti-sheep amboceptor, 
leads to about the same result as when it is  done according to the 
recent  proposal  of  Noguchi,  with  the  native  human  complement 
and  acetone-insoluble lipoids  as  antigen.  The  differences are  such 
as to suggest that from the point of view  of  diagnosis the Noguchi 
method is  the more  conservative but  that  there is  definite advan- 
s Observations which have been begun but are as yet unfinished  indicate that 
the source of variation in the resistance of the corpuscles may be sought rather 
in the way the cells are kept or their age outside the body than in any true varia- 
tion from person to person.  The outcome of this study in no way influences the 
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tage in using two methods as distinct in origin of materials as these, 
partly for the purpose of control and partly in the hope of acquiring 
new information of importance.  As a measure of control of treatment 
the cholesterol antigen appears to us to be the more valuable.  The 
Wassermann  reaction alone,  by whatever method it may be  done, 
can only be used in the diagnosis  of  syphilis  in  conjunction  with 
presumption based  on other grounds.  That it fails  to appear in a 
considerable percentage of syphilitics is well known.  That the reac- 
tion  is  positive  in  other  conditions  is  not  so  generally recognized. 
Fresh instances of this in certain febrile cases are here recorded. 